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5,144,691 
1. 

COMPUTER SIGNAL INTERCONNECT 
APPARATUS 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 
This invention relates generally to methods of inter 

connecting printed circuit boards in computer systems. 
In particular, the present invention provides an optical 
backplane method and apparatus for computer systems. 

2. Description of Related Art 
As integrated circuits become more dense, often con 

taining hundreds of I/O connections, the layout of 
printed circuit boards becomes more complex. Complex 
circuit boards often result in increased signal propaga 
tion delays, stray capacitance, and noise pickup on the 
electrical transmission lines. Thus, it is desirable to have 
a signal transfer arrangement which is not subject to the 
above disadvantages of electrical distortion by noise or 
stray fields, and which is suitable for densely packed 
integrated circuits and printed circuit boards. Optical 
transmission is a technology which addresses all the 
aforementioned issues. 

Optical fiber as a transmission medium provides nu 
merous advantages. The potential bandwidth is very 
high, approaching gigahertz capacity. Optical intercon 
nections are also resistent to electromagnetic interfer 
ence. Thus, an optical connector method provides a 
noise-free signal transmission environment. 

SUMMARY OF THE INVENTION 

To overcome the limitations in the prior art discussed 
above, and to overcome other limitations readily recog 
nizable to those skilled in the art, this invention provides 
a new architecture for computer backplanes and inter 
connecting printed circuit boards in computer systems. 
The present invention provides an optical backplane 
that reduces noise, is resistant to electromagnetic inter 
ference, and supports high transmission rates. 
The invention discloses an optical backplane for in 

terconnecting logic assemblies with optical fibers. The 
logic assembly is connected to a laser or LED for con 
verting electrical signals from the logic assembly into 
the equivalent optical signals. The optical signals are 
transmitted along the optical fibers. The optical back 
plane comprises a mainframe rail for mounting to one 
end of the logic assembly, a connector attached to the 
mainframe rail, and an optical coupler mated with the 
connector. The optical coupler and connector having 
matching vee grooves for supporting and aligning the 
optical fibers. 
The optical fibers are laid in the vee grooves of the 

mated optical coupler and connector and bound thereto 
using an epoxy. The optical fiber is covered with a 
bonding material, which in turn, is covered with a flat 
utensil. The flat utensil is pressed downwards to secure 
the optical fiber and the bonding material. The face of 
the optical fiber is polished to a smooth surface. 
The optical fibers secured in the vee grooves must be 

aligned with a laser and a photodetector. The optical 
fiber may be aligned with the laser in a conventional 
manner such that the light from the laser travels 
through the optical fiber. The optical fiber may be 
aligned with the photodetector such that the path of 
light through the optical fiber intersects the photodetec 
tor. 

Alternatively, the optical fiber may be laid parallel 
with the photodetector such that a path of a light beam 
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2 
travelling through the optical fiber is parallel to a sur 
face of the photodetector. An angular cut is made 
across the end of the optical fiber and a light-reflective 
layer is sputtered onto the end so that as the light beam 
travels down the optical fiber it reflects off the light 
reflective layer into the photodetector. The optical fiber 
is secured to the photodetector using a optical mode 
matching gel and an epoxy. The optical mode matching 
gel ensures an optical continuity between the optical 
fiber and the photodetector. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, where like numerals refer to like 
elements throughout the several views; 

FIG. 1 is a cross-sectional view of the optical back 
plane assembly; 
FIG. 2 is an exploded view of the optical backplane 

assembly; 
FIG. 3 is a cross-sectional view of the vee block; 
FIG. 4 describes two possible embodiments for at 

taching the optical fibers to the detector; 
FIG. 5 is a cross-sectional view of the alignment of . 

the detector and the vee block; 
FIG. 6 is a second alternative embodiment of the 

optical backplane; 
FIG. 7 is a third alternative embodiment of the opti 

cal backplane; 
FIG. 8 is a fourth alternative embodiment of the 

optical backplane; 
FIG. 9 is a fifth alternative embodiment of the optical 

backplane; and 
FIG. 10 is a sixth alternative embodiment of the opti 

cal backplane. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

In the following detailed description of the preferred 
embodiment, reference is made to the accompanying 
drawings which form a part hereof, and in which is 
shown by way of illustration a specific embodiment in 
which the invention may be practiced. It is to be under 
stood that other embodiments may be utilized and struc 
tural changes made without departing from the scope of 
the present invention. 
The invention discloses an optical backplane for in 

terconnecting logic assemblies with optical fibers. 
Logic assemblies are interconnected by means of lasers 
or LEDs which convert electrical signals into the 
equivalent optical signals and transmit the optical sig 
nals along optical fibers. The optical backplane com 
prises a mainframe rail for mounting to one end of the 
logic assembly, a connector attached to the mainframe 
rail, and an optical coupler mated with the connector. 
The optical coupler and connector having matching 
vee grooves for supporting and aligning the optical 
fibers. 
FIG. 1 is a cross-sectional view of the preferred en 

bodiment of the invention. A mainframe rail 12 provides 
structural support for the entire apparatus. The main 
frame rail 12 also supplies power to the apparatus. A 
logic assembly 10 is attached to the mainframe rail 12. 
The logic assembly 10 is comprised of a central Sub 
strate Power Bus (SPB) 14, on both sides of which are 
mounted Low Density Interconnects (LDIs) 16 and 18 
or printed circuit boards (PCBs) or similar substrates. 
Mounted on the LDIs are integrated circuits (not 
shown). Further information on the logic assembly 10 is 
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disclosed in the co-pending and commonly assigned 
application Ser. No. 07/444,747 filed on Dec. 1, 1989 by 
L. T. Shepherd et al. entitled "HIGH POWER, HIGH 
DENSITY INTERCONNECT METHOD AND AP 
PARATUS FOR INTEGRATED CIRCUITS', 
which application is hereby incorporated by reference. 
At one edge of the PCB 16, a multiplexor 20 is used 

to combine electrical signals from the integrated cir 
cuits mounted on the PCB 16. The multiplexor 20 is 
connected to a laser or LED 24, for example, by means 
of a wire bond 22. In the preferred embodiment, eight 
wire bonds 22 connect the multiplexor 20 with eight 
lasers 24. The lasers 24 convert the electrical signals 
from the multiplexor 20 into the equivalent optical sig 
mals. The optical signals are transmitted down a plural 
ity of optical fibers 26. In the preferred embodiment, 
there exists one optical fiber 26 for laser 24. An optical 
coupler 28 and connector 30 subassembly are used to 
support the optical fibers 26 leading from the lasers 24. 
Those skilled in the art will readily recognize that any 
combination of optical fibers, lasers, wire bonds, and 
multiplexors could be substituted for the configuration 
shown. 
The optical signals are transmitted by the optical 

fibers 26 to another LDI, for example, LDI 18. For 
illustration purposes, the receiving end of the optical 
transmission is shown on the opposite side of the logic 
assembly 10. A plurality of optical fibers 32 lead to a 
plurality of photodetectors 34. There exists one photo 
detector 34 for each optical fiber 32. Thus, in the pre 
ferred embodiment, eight optical fibers 32 transmit opti 
cal signals that are transformed by eight detectors 34 
into electrical signals. The electrical signals are trans 
mitted by the detectors 34 to a de-multiplexor 40. The 
de-multiplexor 40 is connected to the detectors 34, for 
example, by means of wire bonds 42. An optical coupler 
36 and connector 38 subassembly are used to support 
the optical fibers 32. Those skilled in the art will readily 
recognize that any combination of optical fibers, detec 
tors, wire bonds, and de-multiplexors could be substi 
tuted for the configuration shown. 

In the preferred embodiment, each logic assembly 10 
could have lasers 24 on either side of the assembly 10, 
detectors 34 on either side of the assembly 10, or, as is 
shown here, lasers 24 on one side and detectors 34 on 
another. 
FIG. 2 is an exploded view of the invention. The 

mainframe rail 12 mounts to one end of the SPB 14. A 
piece of compliant material 44 resides in a notch of the 
mainframe rail 12. The compliant material 44 provides 
some tolerance in the assembly of the optical backplane 
and thus helps maintain the alignment of the lasers 24 
with the optical fibers 26. A connector 30 mates with 
the mainframe rail 12 with the compliant material 44 
interposed therebetween. The connector 30 has a plu 
rality of vee grooves along one surface for supporting 
and aligning the optical fibers 26. The connector 30 is 
notched to mate with an optical coupler 28. The optical 
coupler 28 has a series of vee grooves that match the 
vee grooves on the connector 30. The vee grooves on 
the optical coupler 28 support and align the optical 
fibers 26. 

Similarly, on the opposite side of the logic assembly 
10, a piece of compliant material 46 resides in a notch of 
the mainframe rail 12. The compliant material 46 pro 
vides some tolerance in the assembly of the optical 
backplane and thus helps maintain the alignment of the 
detectors 34 with the optical fibers 32. A connector 38 
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4. 
mates to the mainframe rail 12 with the compliant mate 
rial 38 interposed therebetween. The connector 38 has a 
plurality of vee grooves along one surface for support 
ing and aligning the optical fibers 32. The connector 38 
is notched to mate with an optical coupler 36. The 
optical coupler 36 has a series of vee grooves that match 
the vee grooves on the connector 38. The vee grooves 
on the optical coupler 36 supports and aligns the optical 
fibers 32. 
FIG. 3 is a cross-sectional view describing the vee 

grooves 48. In the preferred embodiment, an optical 
fiber 50 is a multimode fiber with a 50 micron core. 
Each fiber 50 rests in a vee groove 48 and is bound 
thereto by an epoxy or other securing means. Addi 
tional bonding material 54 covers the fibers 50. The 
bonding material 54 is covered with a microscope cover 
glass, or other flat utensil, which is pressed downwards 
to secure the bonding material 54 and the fibers 50 to 
the vee grooves 48: The face of the optical fiber 50 is 
polished downto a smooth surface, preferably to within 
a tolerance of -10 microns. This alignment process 
using the vee groups 48 is critical, because the optical 
fibers 50 must be centered on the laser to a tolerance of 

5 microns. 
FIG. 4 shows two alternative methods for aligning 

optical fibers with a photodetector. In one method, a 
fiber 56 is laid flat on the detector 60, such that the path 
of the light through the fiber 56 is parallel to the surface 
of the detector 60. In a second method, the end of the 
fiber is placed flat against the detector 60, such that the 
path of the light through the fiber 58 intersects the 
surface of the detector 60. In both methods, the optical 
fibers 56 or 58 may be secured to the detector 60 by 
means of a mode matching gel 62 or 64 with an epoxy 66 
thereon. The gel 62 or 64 may not be necessary if the 
path of the light through the fiber 58 intersects the 
surface of the detector 60. However, when the path of 
the light through the fiber 56 is parallel to the surface of 
the detector 60, the optical mode matching gel 62 
"bends' the light to intersect the surface of the detector 
60 and thus ensures optical continuity between the fiber 
56 and the detector 60. 

Another, more preferable embodiment is illustrated 
in FIG. 5. A fiber 68 is laid flat on the detector 74, such 
that the path of the light through the fiber 68 is parallel 
to the surface of the detector 74. A 45 degree cut 70 is 
made across the end of the fiber 68. The cut 70 is sput 
tered with a gold layer 72 to make a reflective surface. 
As light 76 travels down the fiber 68, it reflects off the 
sputtered gold surface 72 into the detector 74. 

This concludes the description of the preferred em 
bodiment of the invention. The following paragraphs 
describe some alternative methods of accomplishing the 
same invention. 

FIG. 6 is a second alternative embodiment of the 
optical backplane. A connector block 82 rests on a vee 
block 84, which in turn, is supported by a substrate or 
PCB 86. A transmitting fiber 78 and a receiving fiber 80 
extend through the connector block 82 and a first part 
88 of a two-part bevel block 88 and 90. The transmitting 
fiber 78 is aligned with a laser 92. The laser 92 is con 
nected to a multiplexor/demultiplexor 94 by means of a 
TAB tape 96, or a conductor 98 and TAB tape 100. The 
receiving fiber 80 is laid parallel with a photodetector 
102. A 45 degree cut is made across the end of the fiber 
80. The cut is sputtered with a gold layer to make a 
reflective surface. As light travels down the fiber 80, it 
reflects off the sputtered gold surface into the detector 
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102. The detector 102 is connected to the multiplexor/- 
denultiplexor 94 by means of a TAB tape 104. The 
second part 90 of the two-part bevel block 88 and 90 
provides additional support for the detector 102 and the 
receiving fiber 80. 

FIG. 7 is a third alternative embodiment of the opti 
cal backplane. A connector 110 is supported by a vee 
block 112, which in turn, is supported by a substrate or 
PCB 114. The vee block 112 lies adjacent a multiplex 
or/de-multiplexor 128. A transmitting fiber 106 and a 
receiving fiber 108 extend through the connector 110 
and a block 116. The transmitting fiber 106 is aligned 
with a laser 118. The laser 118 is connected to the multi 
plexor/demultiplexor 128 by means of a TAB tape 120. 
The laser 118 is also connected to the multiplexor/- 
demultiplexor 128 by means of a conductor 122. The 
receiving fiber 108 is aligned with a photodetector 124. 
A 45 degree cut is made across the end of the fiber 108. 
The cut is sputtered with a gold layer to make a reflec 
tive surface. As light travels down the fiber 108, it re 
flects off the sputtered gold surface into the detector 
124. The detector 124 is connected to the multiplex 
or/de-multiplexor 128 by means of a TAB tape 126. 

FIG. 8 is a fourth alternative embodiment of the 
optical backplane. A connector 134 resides on top of a 
vee block 136, which in turn, is mounted on a PCB or 
substrate 138. The vee block 136 is mounted adjacent a 
multiplexor/demultiplexor 140. A transmitting fiber 130 
and a receiving fiber 132 extend through a connector 
134 and a block 142. The transmitting fiber 130 is 
aligned with a laser 144. The laser 144 is connected to a 
multiplexor/demultiplexor 140 by means of a TAB tape 
146. The laser 144 is also supported by a multiplexor 
140. The laser 144 is also connected to the multiplexor 
140 by means of a conductor 148 and a solder plate 150. 
The receiving fiber 132 is aligned with a photodetector 
152. A 45 degree cut is made across the end of the fiber 
132. The cut is sputtered with a gold layer to make a 
reflective surface. As light travels down the fiber 132, it 
reflects off the sputtered gold surface into the detector 
152. The detector 152 is connected to the multiplex 
or/de-multiplexor 140 by means of a TAB tape 154. 

FIG. 9 is a fifth alternative embodiment of the optical 
backplane. A connector 160 resides on top of a vee 
block 162, which in turn, is supported by a PCB or 
substrate 164. The vee block 162 lies adjacent a multi 
plexor/de-multiplexor 166. A transmitting fiber 156 and 
a receiving fiber 158 extend through the connector 160 
and a block 168. The transmitting fiber 156 is aligned 
with a laser 170. The laser 170 is connected to the multi 
plexor/demultiplexor 166 by means of a TAB tape 172. 
The laser 170 is supported by a solder plate 174. The 
receiving fiber 158 terminates at a photodetector 176. 
The detector 176 is connected to the demultiplexor 166 
by means of solder plates 178 and 180, 

FIG. 10 is a sixth alternative embodiment of the opti 
cal backplane. A connector 186 is supported by a block 
188, which in turn, is supported by a PCB or substrate 
190. The block 188 lies adjacent to a multiplexor/de 
multiplexor 192. A transmitting fiber 182 and a receiv 
ing fiber 184 extend through the connector 186 and a 
block 194. The transmitting fiber 182 is aligned with a 
laser 196. The laser 196 is supported by a block 198. The 
laser 196 is electrically connected to the multiplexor 192 
by means of a TAB tape 200 and a solder plate 202. The 
receiving fiber 184 is aligned with a photodetector 204. 
The detector 20 is supported by the de-multiplexor 192. 
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6 
The detector 204 is connected to the de-multiplexor 192 
by means of a TAB tape 206. 
The foregoing description of the preferred and alter 

native embodiments of the invention have been pres 
ented for the purposes of illustration and description. 
They are not intended to be exhaustive or to limit the 
invention to the precise forms disclosed. Many modifi 
cations and variations are possible in light of the above 
teaching. It is intended that the scope of the invention 
be limited not by this detailed description, but rather by 
the claims appended hereto. 
What is claimed is: 
1. An optical backplane for interconnecting logic 

assemblies with at least one optical fiber, the logic as 
sembly connected to a laser for converting at least one 
electrical signal from the logic assembly into an equiva 
lent optical signal, the optical signal being transmitted 
along the optical fiber, the backplane comprising: 

(a) a mainframe rail for mounting to one end of the 
logic assembly; 

(b) a connector mated with the mainframe rail; 
(c) an optical coupler mated with the connector; 
(d) the optical coupler and connector having at least 
one matching V-groove along a first surface for 
supporting and aligning the optical fibers; and 

(e) pressure means for supporting the connection 
between the optical coupler and the connector, and 
the connection between the laser and the optical 
fiber. 

2. A method of supporting and aligning optical fibers 
in an optical backplane system, the backplane com 
prised of a mainframe rail for mounting to one end of 
the logic assembly, a connector attached to the main 
frame rail, an optical coupler mated with the connector, 
the optical coupler and connector having matching 
V-grooves for supporting and aligning the optical fi 
bers, the method comprising: 

(1) laying an optical fiber in the V-groove of the 
mated optical coupler and connector; 

(2) binding the optical fiber to the V-groove using an 
epoxy; 

(3) covering the optical fiber with a bonding material; 
(4) covering the bonding material with a flat utensil; 
(5) pressing downwards on the flat utensil to fuse the 
bonding material; 

(6) polishing a face of the optical fiber to a smooth 
surface; and 

(7) engaging a pressure means for supporting the 
connection between the optical coupler and the 
connector. 

3. An optical backplane for interconnecting logic 
assemblies with at least one optical fiber, the logic as 
sembly connected to a detector for converting at least 
one optical signal from the optical fiber into an equiva 
lent electrical signal for use in the logic assembly, the 
optical signals being transmitted along the optical fiber, 
the backplane comprising: 

(a) a mainframe rail for mounting to one end of the 
logic assembly; 

(b) a connector mated with the mainframe rail; 
(c) an optical coupler mated with the connector; 
(d) the optical coupler and connector having at least 
one matching V-groove along a first surface for 
supporting and aligning the optical fibers; and 

(e) pressure means for supporting the connection 
between the optical coupler and the connector, and 
the detector with the optical fiber. 

t k 



UNITED STATES PATENT ANDTRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. : 5, 144, 691 
DATED September 1, 1992 
INVENTOR(S) : Melvin C. August et al. 

Page 1 of 3 

It is Certified that error appears in the above-identified patent and that said Letters Patent is hereby 
Corrected as shown below: 

On the title page: 

Item: # 73, Assignee, "Eagan" should read 
--Minneapolis--. 

Column 3 lines 7, 9, 12, 14 and 22, "multiplexor' 
should read --multiplexer--. 

Column 3 lines 34, 35 and 40 "de-multiplexor' should 
read --demultiplexer--. 
Column 4, line 62, "multiplexor/demultiplexor" should 
read --multiplexer/demultiplexer--. 
Column 5, lines 1 and 2, "multiplexor/demultiplexor" 
should read --multiplexer/demultiplexer--. 
Column 5, lines 9 and 10, "multiplexor/de-multiplexor" 
should read --multiplexer/demultiplexer--. 
Column 5 lines 13, 14, 15 and 16 
"multiplexor/demultiplexor" should read 
--multiplexer/demultiplexer--. 
Column 5, lines 22 and 23, "multiplexor/de-multiplexor" 
should read --multiplexer/demultiplexer--. 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5, 144, 691 Page 2 of 3 
DATED September 1, 1992 
INVENTOR(S) : Melvin C. August et al. 

It is Certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 5, line 28, "multiplexor/demultiplexor" should 
read --multiplexer/demultiplexer--. 

Column 5, line 29, "132" should read --l32'--. 

Column 5, line 32, "multiplexor/demultiplexor" should 
read --multiplexer/demultiplexer--. 

Column 5 lines 34 and 35 "multiplexor" should read 
--multiplexer--. 

Column 5, lines 42, 43, 47 and 48, "multiplexor/de 
multiplexor" should read --multiplexer/demultiplexer--. 
Column 5, lines 51 and 52, "multiplexor/demultiplexor" 
should read --multiplexer/demultiplexer--. 

Column 5 line 55, "demultiplexor" should read 
--demultiplexer--. 

Column 5, lines 60 and 61, "multiplexor/de-multiplexor" 
should read --multiplexer/demultiplexer--. 

Column 5 line 65 "multiplexor' should read 
--multiplexer--. 

Column 5 line 68, "de-multiplexor' should read 
"demultiplexer--. 

  



Corrected as shown below: 

Column 6 line 1, "de-multiplexor' should read 
--demultiplexer--. 

Column 6, claim i, line 17, 'signal' (2nd occurrence) should read 

--signals--. 
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